Background: The aim of the study was to examine associations between unhealthy behaviours among the Finnish adult population. Methods: Data from a series of cross-sectional health behaviour surveys from the years 1991-1998 were pooled. Associations between smoking, alcohol consumption, lack of regular physical activity and unhealthy diet were examined among 22,745 respondents. The associations were first studied in terms of accumulation: the occurrence of each combination of unhealthy behaviours was compared to their expected appearance, assuming that the behaviours were independent from each other. The same associations were then analysed with log-linear models. Results: Only 2.4% of men and 0.9% of women had all four unhealthy behaviours. Nevertheless, the occurrence of four unhealthy behaviours was about three times more common than expected under the assumption of independence of the behaviours. Also, most of the three-behaviour combinations showed accumulation. Among the pairwise combinations, smoking and alcohol consumption as well as physical inactivity and unhealthy diet showed strongest accumulation, whereas the combination of alcohol consumption and unhealthy diet was less prevalent than expected. The combination of four healthy behaviours appeared 1.3 times more often than expected. In log-linear analysis a model containing all pairwise associations and the three-behaviour interaction between smoking, alcohol consumption and physical inactivity, as well as that of alcohol consumption, physical inactivity and unhealthy diet for men, provided an acceptable fit. Most of the unhealthy behaviours were positively associated but the association between alcohol consumption and unhealthy diet was inverse. Other behaviours modified the strength of the associations. The direction of the association between alcohol consumption and physical inactivity depended on other behaviours. Conclusions: Unhealthy behaviours showed pairwise and multiple accumulation. No threebehaviour associations were reducible to pairwise associations. Smoking had the strongest and most consistent associations with other unhealthy behaviours. Differences between sododemographic groups were small and the patterns of unhealthy behaviour were remarkably similar among men and women.
Heal th-related behaviours are fundamental to public health since they affect the risks of morbidity and mortality, and can also be altered to reduce those risks. Therefore, many studies have been interested in health behaviours and their correlates. Sociodemographic correlates have been studied the most, but some research has also been undertaken on the interrelationships between health behaviours. Several pairwise associations between health behaviours have been detected, 1 " 3 but interrelationships found between three or more health behaviours have been relatively weak.
"
6 Nevertheless, some clusters or dimensions of health behaviours have been suggested. 7 ' 8 Studies examining associations between multiple health behaviours have faced the problem of having to choose the behaviours to be analysed. The range of included variables has varied, with results partly depending on the chosen behaviours. Consequently, it is difficult to compare the results of different studies. The variation is under-standable, however, as self-evident and generally applicable criteria to select the behaviours do not exist. Apart from the studies employing factor analysis or cluster analysis with a large number of variables, the studies have, with a few exceptions, ' ' taken one of the behaviours as a starting point and examined the associations of that behaviour with the others. Looking at the associations from the viewpoint of one behaviour may involve, explicitly or implicitly, presuppositions on the order of importance of the behaviours. Sometimes this may overemphasize the role of the selected primary behaviour. Studies treating health behaviours impartially are scarce, although several studies have suggested one unhealthy habit, most often smoking 1 ' 11 or lack of physical exercise, 12 ' 13 to be central to their accumulation. Karisto, Prattala and Berg 14 ' 15 have previously examined interrelationships between multiple unhealthy behaviours among Finnish adults from 1982 Finnish adults from to 1990 . In these studies aggregation, i.e. measuring the simultaneous occurrence of the behaviours by classifying people by the observed number of their unhealthy habits, was distinguished from accumulation. This measure examines associations between the behaviours relative to the prevalence of individual unhealthy behaviours. These studies concluded that most people belong to the intermediate group of one or two unhealthy behaviours, but even if the interrelationships between multiple behaviours were relatively weak, three or four unhealthy behaviours tended to accumulate to the same individuals. The behaviours were treated impartially, but only accumulation of three or four of diem was considered. Little attention was paid to die composition of unhealthy behavioural patterns, although smoking was suggested to have a central role in accumulation. The aim of die present study was to provide a comprehensive view of die associations between unhealthy behaviours in Finland during the 1990s. The associations were examined in a symmetric setting. Smoking, high alcohol consumption, lack of regular physical activity and unhealthy diet were examined, because they are the most important behaviours increasing mortality and morbidity due to chronic diseases in industrial countries. 16 ' 17 To set the scene, the numerical distribution of these adverse behaviours was first viewed. Next, the measure of accumulation of unhealthy behaviours used in previous studies was extended to apply to all possible combinations of the four unhealthy behaviours. Log-linear modelling was then employed to produce a description of the key associations between the unhealthy behaviours. Finally, the consistency of these behavioural patterns across sociodemographic groups was checked.
MATERIAL AND METHODS
The data were derived from a series of nationwide surveys conducted for the Health Behaviour Among Finnish Adult Population project. 18 Cross-sectional surveys have been repeated annually since 1978. The surveys were sent to independent samples of 5000 Finns aged 15-64 years, drawn at random from the National Population Register. The postal questionnaires reached response rates between 68% and 84%. The present analyses include 22,745 respondents aged 20-64 years, who participated in the studies between 1991 and 1998. The health behaviours considered in the present study were smoking, use of alcohol, dietary habits and physical activity. All health behaviour variables were dichotomized, and the unhealthy end of the behaviours determined with the following criteria was examined.
• Smoking (later abbreviated to S): daily or occasional current smoking. • Use of alcohol (A): more than 8 units/week (males), more than 5 units/week (females).
• Physical inactivity (E): leisure time physical activity (for at least 30 minutes) less than once a week.
• Unhealthy dietary habits (D): two or three unhealthy choices from the items of the sum-index consisting of the following components: having fresh vegetables less than three times/week, using butter on bread or drinking whole milk, eating less than 5 slices of bread/day. The prevalence of these individual unhealthy behaviours are shown in table I. The table also shows numerical distribution of these behaviours, together with the distributions of the background variables used in the study -educational level, age group and marital status -which each had three categories.
Associations between unhealthy behaviours were first studied in terms of accumulation: the occurrence of each possible health behaviour combination was compared to that expected assuming the mutual independence of the behaviours. The expected proportions were calculated by multiplying the probabilities for individual unhealthy behaviours. The ratio of observed to expected proportion was considered to measure the accumulation of these unhealthy behaviours in the same individual. The ratio describes both the direction and the intensity of the association between the behaviours. Values above one indicate a positive association and those below one an inverse association. The more the ratio deviates from one the more strongly the behaviours are associated. Confidence intervals of 95% were calculated for the ratios using the formula for confidence intervals for proportions considering expected frequencies as fixed values. Second, general log-linear models were conducted with the SAS GENMOD procedure. In general log-linear models, no a priori distinction is made between independent and dependent variables. All variables are treated equally, as classifying variables, whose relationship are determined by the entire set of variables.
• Here, we used a four-way contingency table (2*2*2*2 table) where health behaviours were the classifying variables and the distribution of expected cell counts was to be explained. A series of log-linear models of increasing complexity was fitted to the observed counts, starting with the model of independence and adding the terms Table 1 into the model in order of significance. We searched for the simplest model that fitted the data adequately, and limited our analysis to hierarchical models in which higher-order terms could be included only if the related lower-order terms were already in the model. Interactions between the variables were interpreted to indicate mutual dependence among the behaviours. The results are presented in odds ratios. When three-variable interactions were present, these were reduced to conditional two-way associations. Log-linear models were further employed to check how well the patterns detected in the whole population apply across sociodemographic groups. Background variables were added as classifying variables one at a time. For each variable, the modelling was started from the beginning and a procedure similar to that explained above was followed: first the main effects and the interaction between the background variable and each health behaviour was included in die model. The interactions were added, together with the interaction with the background variable if they were statistically significant at a 5% level, until an adequately fitting model was obtained. Table 1 shows die distribution of unhealthy behaviours. According to the table, few people belonged to the extreme groups of three or four unhealthy behaviours, especially among women.
RESULTS
In table 2 mixed combinations of one, two or three unhealthy behaviours (with the remaining number of healthy ones) have been ungrouped. In addition to the observed proportions, the expected proportions and the ratio of these two figures (measuring accumulation) are presented in all 16 possible combinations of healthy and unhealthy behaviours. Among the mixed combinations, smoking (S) and high alcohol use (A) appearing individually as well as the pairwise combination of these two unhealthy choices (SA) had relatively high observed prevalence. On the other hand, the combination of high alcohol use, physical inactivity and unhealthy diet (AED) as well as that of smoking, physical inactivity and unhealthy diet (SED) were infrequent. The combination of all four unhealthy behaviours showed the highest ratio of accumulation. Among men SAE and SED, and among women all three-behaviour combinations which included smoking (SAE, SAD and SED) were also more prevalent than would be expected under the assumption of independence. In contrast, the combination without smoking (AED) was clearly less prevalent than would be expected in both genders. Among die two-variable combinations, SA and ED showed accumulation while other two-variable combinations were less prevalent than expected. Single unhealthy behaviours were all relatively close to dieir expected appearance, with the exception of smoking, which appeared clearly less often than expected. To counterbalance die accumulation of unhealthy behaviours, the opposite end of healthy behaviours also showed some accumulation. 2, all ratios go up. All three-behaviour combinations are now more frequent than would be expected under the assumption of independence as are the two-behaviour combinations except AD, which shows a ratio slightly below one, and AE, the ratio of which does not deviate from one. The analysis was then continued by fitting log-linear models in order to see which associations are important determinants of the whole distribution of the behaviours. Among men, a model containing all two-variable interactions and those of SAE and AED provided an acceptable fit (deviance 4-43 on 3 df)-Among women, a model of all two-variable interactions with SAE (deviance 3.53 on 4 df) was deemed as the best fit. Table 4 shows odds ratios drawn from the parameter estimates of the final models. Three-variable associations were returned to three pairs of odds ratios, each conditional on the third behaviour. Among men, smoking showed a positive association with alcohol use and physical inactivity, stronger when the third behaviour was unhealthy. There was a positive association also between smoking and unhealthy diet as well as between inactivity and unhealthy diet, the latter again being stronger when more alcohol was consumed. The association between high alcohol use and unhealthy diet was inverse, indicated by an odds ratio below one, and it was stronger among the physically active. The association between alcohol use and inactivity depended on smoking status or the choice in diet: die association was positive when die third choice was unhealthy but inverse when it was healthy. Among women, all other associations were positive but the association between high alcohol use and unhealthy diet was inverse, and the association between high alcohol use and inactivity depended on smoking status similarly to men. Overall, conditional odds ratios were higher when die third behaviour was unhealthy. When sociodemographic variables were included in the models, none of the three-variable interactions were needed to make the model fit. In addition, AE was not significant in any case and adding it in die model made the fit worse. Sociodemographic differences observed in the associations were few. Table 5 lists the pairs of unhealthy behaviours in which differences were found. As one of rhe two behaviours, smoking was involved in almost all of rhe pairs showing differences. Most often there was variation in the association between smoking and alcohol use; this association was dissimilar between marital status groups in both genders as well as between educational categories among women. 
DISCUSSION
In this study we have examined associations between unhealthy behaviours among Finnish adults in a symmetric setting. The main focus was in patterns of behaviours exceeding bivariate associations. First, the distribution of people was examined in terms of their number of adverse habits. A quarter of men and a third of women belonged to the category of all four healthy behaviours while very few had all unhealthy behaviours. This result is consistent with previous Finnish studies 14 ' 15 and similar to findings from Britain 2 and the United States, 6 where health behaviour patterns have been observed to be mixed for most people. In our study the combinations of three unhealthy behaviours were also relatively rare, and it is worth noticing that die combination of all four unhealthy behaviours was more prevalent than some of the combinations of three unhealthy behaviours.
The distribution of unhealthy behaviours is naturally strongly dependent of the cutpoints used. The cutpoints of the present study were determined in terms of our main interest, which was the accumulation of unhealthy behaviours. As die expected proportions of several unhealthy behaviours were multiplied from the prevalence of individual unhealthy behaviours, strict criteria for unhealthy behaviours would have made these proportions very small. Therefore, the cutpoints were kept relatively low. As there has recently been much debate about the healthfulness of moderate alcohol consumption, 22 ' 23 our cutpoint of alcohol use in particular may be considered to be low. The cutpoint was also different for women and men, and therefore exact numerical comparison of die results between genders is not possible. The fact that actual consumption of alcohol is substantially underestimated in postal surveys" justifies lower cutpoints, as long as the underestimation occurs uniformly among light and heavy drinkers and the ranking of drinkers remains more or less the same. While exact measurement of alcohol intake was not crucial to our study, the higher end of the scale may be expected to represent higher alcohol consumption. It is likely that stricter cutpoints -for all variables -would have made the accumulation more pronounced but would not have changed the patterns.
The occurrence of all four unhealthy behaviours was about three-fold relative to what could be expected according to the prevalence of individual unhealthy SA.SD SA behaviours. Also, most of the three-behaviour combinations showed some accumulation. Among die pairwise combinations, the combination of smoking and high alcohol use as well as diat of physical inactivity and unhealthy diet had the strongest associations, together with high alcohol use and unhealthy diet which showed an inverse association. The combination of four healthy behaviours was somewhat more frequent than would be expected if die behaviours were independent. Previous studies have suggested tiiat one of the behaviours might have a decisive role in the accumulation. In our study, which treated all behaviours equally, smoking had the most support as die centre of the accumulation.
Smoking appeared on its own less frequently dian would have been expected under die hypothesis of independence, which already indicates diat smoking was associated widi other unhealthy behaviours. The accumulation was stronger in die combinations of three unhealthy behaviours in which smoking was included. However, examination of observed frequencies shows that a majority of smokers either only smoked or had only one odier unhealthy habit, which in most cases was higher alcohol use.
Log-linear modelling was commenced from the main effect model, corresponding to the observed counts in table 2. As suggested by die discrepancy between die observed and die expected frequencies, interactions between the behaviours were needed to reach an appropriate model. A model containing all two-behaviour interactions and die combination of smoking, high alcohol use and physical inactivity, as well as that of high alcohol use, physical inactivity and unhealdiy diet for men, provided an acceptable fit. In die models, most of the unhealdiy behaviours were positively associated. Odier unhealthy behaviours strengthened diese associations. The association between alcohol consumption and unhealdiy diet was inverse, and physical activity made die association more pronounced. The direction of the association between alcohol consumption and physical inactivity depended on smoking and diet. These results, again, emphasize the role of smoking. Smoking was positively associated widi all other unhealthy behaviours. In addition, die association between physical inactivity and unhealdiy diet was remarkable. Sociodemographic differences have been observed in health behaviours 25 as well as in their interrelationships. ' In this study sociodemographic differences were viewed because the patterns of accumulation observed in the whole population may not be adequate in all subpopulations. These differences turned out to be few, however. It is noteworthy that fewer terms were needed in die models when sociodemographic variables were included. This indicates diat sociodemographic factors may influence the associations, and by including diem in die analyses die associations may be explained more straightforwardly. The sociodemographic variables included were the same as in previous studies examining associations between health behaviours among Finnish adults, 14 ' 15 which used data from earlier years of the same project as the present study. These previous studies examined the accumulation of three or four unhealthy behaviours but not other combinations, and covered the period from 1982 to 1990. The division into the study periods is not totally arbitrary. At the turn of the decade Finland went from an economic boom into a deep recession, characterized by an unemployment rate peaking at 18.5% in 1994. 28 The recession may have affected people's health behaviours by, for example, increasing economic strains. Population-level trends in smoking as well as in alcohol consumption were downward during the recession, which has been attributed mainly to economic factors.29-31 However, cultural changes may have also played a role. During the 1990s public opinion towards both smoking and use of alcohol changed in Finland. While a more liberal alcohol policy was demanded, the attitudes towards smoking tightened. Interestingly, both of these changes were justified in terms of individual freedom. 32 The question of smoking concerned primarily the hazards and inconvenience environmental smoke caused to non-smokers. Demands were made for smoking to be restricted on the grounds of the right of self-determination, which was exactly the rationale for more liberal alcohol use. Changes in the attitudes towards tobacco and alcohol thus led to a more uniform position of alcohol use and smoking in both private life and political control, which, at least in the long run, could be expected to lead to a stronger association between smoking and alcohol consumption.
Many studies examining accumulation of unhealthy behaviours have concentrated especially on adolescents. ^"-" These studies found that health behaviours had already accumulated among adolescents and identified several independent predictors for the accumulation. Our study did not find any major differences in the patterns of behaviours between age groups. There seems to be no reason to be more concerned about accumulation of unhealthy behaviours among adolescents than among adults. Nevertheless, studying health behaviour and health behaviour patterns among adolescents is important since the traits of behaviour are adopted at a young age. The stability of health behaviour and health behaviour patterns over the life cycle would also be worth detailed research. This study identified several pairwise and multiple associations between unhealthy behaviours. Both measures used in the study provided compatible results. Most associations observed between unhealthy behaviours were positive. None of the three-behaviour combinations could be reduced into pairwise combinations. Smoking, in particular, was often associated with other adverse behaviours. Sociodemographic differences observed in the associations were few and the patterns of unhealthy behaviour were also remarkably similar in both genders. However, the prevalence of individual unhealthy behaviours is known to vary across sociodemographic categories as well as between men and women. Therefore, even if the associations between unhealthy behaviours were similar dieir significance may vary between population groups.
